General remarks
Commercially available reagents were obtained from Chempur, Alfa Aesar, Sigma-Aldrich or VWR and have been used without further purification unless otherwise mentioned. DMF was dried by BaO and activated alumina and distilled at 56 C, 20 mmHg. Cage 1 was synthesized according to literature procedures 1 . Thin-layer chromatography was done using silica gel 60 F254 plates from Merck and were examined under UV-light irradiation (254 and 365 nm). Flash column chromatography was performed on silica gel (particle size: 0.040−0.063 mm) from Macherey-Nagel. Melting points (not corrected) were measured on a Büchi B-540. NMR spectra were recorded on a Bruker Avance III 500 ( 1 H NMR: 500 MHz; 13 C NMR: 125 MHz) or a Bruker Avance III 300 ( 1 H NMR: 300 MHz; 13 C NMR: 75 MHz) spectrometer at 298 K, unless otherwise mentioned. IR spectra were recorded on a Fourier transform spectrophotometer (Bruker Lumos) equipped with a germanium ATR crystal. HRMS (MALDI) experiments were carried out on a Bruker Autoflex Speed MALDITOF, JEOL AccuTOF GCx with an internal calibration (PEG) in positive mode on TOF mass spectrometer using DCTB (trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-propenylidene]malononitrile) as matrix. Elemental analysis was performed by the Microanalytical Laboratory of the University of Heidelberg using an Elementar vario MICRO cube. TGA was measured on a Mettler-Toledo TGA/DSC1 instrument with a TGA/DSC-Sensor 1100 equipped with a MX1 balance (Mettler-Toledo) and a GC100 gas control box for nitrogen supply. Crystal structure analysis was accomplished on a STOE Stadivari diffractometer with a copper source (λCuKα = 1.54178 Å). The surface area and porosity was characterised by nitrogen adsorption and desorption analysis at 77.35 K with an autosorb computer-controlled surface analyser (AUTOSORB-iQ, Quantachrome). Powder X-ray diffraction was measured using a Stoe Stadi 611KLS/N 61263 diffractometer. The samples used for BET experiment were first dissolved in DMSO and precipitated in water, then stirred in acetone and petroleum ether to exchange the residual DMSO and dried in vacuum at 200 °C (16 h). The samples were degassed at 200 °C (3 h) before being analysed. The BET surface area was calculated by assuming a value of 0.162 nm 2 for the cross-sectional area of the nitrogen molecules. The NLDFT model and isotherm data were used to calculate the pore size distribution (N2 at 77K on carbon, NLDFT cylinder pores, NLDFT equilibrium model). Scanning electron micrographs of Figure 4 were acquired using a Zeiss Ultra 55 instrument with a low accelerating voltage. The powder sample was suspended in isopropanol and dropcasted on a small piece of silicon wafer, which was pretreated by plasma cleaning. Cage 1 (30 mg, 0.02 mmol) was suspended in 10 mL methanol and 5 mL THF, and 40 mg (1.05 mmol) NaBH 4 was added to the solution. The suspension was stirred for 15h at room temperature. Methanol was removed by rotary evaporation. The white solid was suspended in 10 mL water, and then extracted with ethyl acetate (10  3 mL). The combined organic phase was dried with Na 2 SO 4 and the solvent was removed by rotary evaporation. 3. NMR Spectra Figure S1 . 1 H NMR spectrum (DMSO-d6, 300 MHz) of cage 2, # marks residual THF. Weight (mg)
Synthesis of Compounds
Temperature (C) Figure S14 . Thermogravimetric curve of cage 3.
Gas sorption Activation protocols:
First sample: Cage 3 was added in DMSO and heated to dissolve. Any non-dissolved solid was removed by filtration to give a clear transparent solution, which was added dropwise into water.
A colorless precipitation appeared, and the mixture was stirred for 5 h and kept still for 2 d. The solid was collected by filtration and washed with water (5 x) and immersed in acetone (HPLC grade) for 4 h (repeated 7 cycles). The same was done with n-pentane. The product was dried in vacuum at 200 °C (16 h) and degassed at 200 °C (3 h) before gas sorption analysis.
Second sample: Cage 3 was dissolved in hot DMSO and dropped into hot methanol. The clear solution was slowly cooled to room temperature. After three weeks, the formed precipitate was collected and activated as described above. The final product was dried in vacuum at 150 °C.
The samples were degassed at 200 °C (3 h) before being analysed. Figure S24 . BET plot of cage 2 calculated from the nitrogen isotherm at 77 K.
Calculation of the heat of adsorption:
In this case, the calculation is based on the Clausius-Clapeyron eqution:
Q is the enthalpy of the adsorption (J·mol -1 ) R is the universal gas constant(J·K -1 ·mol -1 ) T 1 , T 2 is the temperature (K) P 1 , P 2 is the pressure when the uptake of the gas is the same (∆ < 0.005 mmol/g ) at different temperature (Pa).
Set up the gas uptake values (mmol/g) at 273 K as X column and set the Y column values as the calculation results of Q. Table S1a . The selectivity of cage 3 calculated from Henry law constants from data at the low pressure regime.
CO 2 /CH 4 (273K) CO 2 /N 2 (273K) H 2 /N 2 (273K) CO 2 /CH 4 (263K) 7.6 13.9 1.1 10.4 
Stability tests
To investigate the stability of cage 3 in different pH environment, we weighed a certain amount of cage 3 (see in Table 1 ) and stirred it in 1 mL HCl or NaOH solution. After the treatment, the solid was collected by filtration, washed with water (5  5 mL), dried in vacuum at 90 C for 4h and weighed again. Then 1 H NMR experiments were carried out and the spectra compared with the starting material. . 1 H NMR spectra of cage 1 after treatment with NaOH (300 MHz, DMSO-d6). 
